Infection with Helicobacter pylori induces humoral immune responses against various antigens of the bacterium. Heat shock proteins (hsps) are immunodominant antigens in various diseases including H. pylori infection. In the present study, we measured the anti-hsp antibody titers in 42 patients with H. pylori-infected peptic ulcers during a bacterial eradication study. The patients were treated with a proton pump inhibitor and antimicrobial agents to eradicate the organism. Their sera were obtained at pretreatment and at 1 month and 6 months after the eradication therapy. The titers of immunoglobulin G antibodies to the H. pylori hsp, wholecell lysate, and urease (30-kDa subunit) antigens in serum were measured by a capture enzyme-linked immunosorbent assay. The levels of H. pylori hsp60 antibodies in sera collected 1 month after treatment had declined significantly, even when changes in the titers of antibodies to whole-cell and urease antigens were not apparent. These results suggest that measurement of antibodies to H. pylori hsp60 in serum is useful for the early monitoring of the effectiveness of eradication therapy.
Helicobacter pylori is associated with gastritis and peptic ulcer disease in humans. H. pylori infection induces the host's constitutional immune response against various antigens of this bacterium. The detection of immunoglobulin G (IgG) antibodies to H. pylori is useful for the diagnosis of infection. Some investigators reported that the titers of these antibodies declined during therapy for H. pylori eradication (1, 12, 14, 15, 17, 18) . Kosunen (13) reported that a consistent decrease in the IgG antibody titer within 6 months of antimicrobial therapy reliably indicated the eradication of H. pylori (13) . However, a serological test that can be used to judge the success of treatment earlier in the follow-up period has not yet been established. In this study we measured the titers of IgG antibodies to the heat shock protein (hsp) hsp60, urease, and whole-cell lysates of H. pylori in sera from patients with peptic ulcer during antimicrobial treatment of H. pylori and then assessed its usefulness for the monitoring of eradication therapy.
MATERIALS AND METHODS
Patients studied. We investigated 20 subjects with gastric ulcer (GU) (17 men and 3 women; age range, 35 to 74 years; mean age, 52 years) and 17 subjects with duodenal ulcer (DU) (13 men and 4 women; age range, 22 to 51 years; mean age, 36.6 years). All patients underwent gastroduodenoscopy because of gastrointestinal symptoms. Examinations were performed in the First Department of Internal Medicine, Okayama University School of Medicine, and its affiliated hospitals. At the initial diagnostic endoscopy, all patients were diagnosed as having a peptic ulcer.
Status of H. pylori infection. H. pylori infection status was evaluated by bacterial culture, measurement of urease activity, and histologic analysis. A patient was judged to be H. pylori positive if culture and/or histologic analysis of specimens retrieved endoscopically was positive for the organism; a patient was classified H. pylori negative if culture, the urease test, and histologic analysis were negative. A weakly positive urease test was not considered sufficient for the diagnosis of infection.
Antimicrobial therapy. After informed consent was obtained, the patients were treated with dual therapy (2-week course of omeprazol at 40 mg orally twice daily and amoxicillin at 1,500 mg orally twice daily). At 1 month and 6 months after the treatment, the patients underwent endoscopic examination, and biopsies were performed to evaluate the patient's H. pylori infection status. At the same time, serum samples were taken and were stored at Ϫ30°C until they were assayed.
Preparation of antigen and antibodies. H. pylori (ATCC 43504) was cultured in brucella broth with 7% horse serum. The cells were harvested by centrifugation (6,000 ϫ g, 20 min) and were washed twice with phosphate-buffered saline (PBS; pH 7.4). The precipitate was resuspended in ice-cold distilled water containing 4 mM phenylmethylsulfonyl fluoride and was disrupted with a sonicator. The broken cells were separated by centrifugation (20,000 ϫ g, 30 min), and its supernatant was designated 20S. The 20S supernatant was further centrifuged at 100,000 ϫ g for 30 min to remove the cytoplasmic membrane fraction, and its supernatant was designated 100S. The 100S supernatant was used as the antigen in a capture enzyme-linked immunosorbent assay (ELISA).
The 66-kDa (hsp) and 30-kDa (urease ␣ or A subunit) proteins were separated from the 20S antigen by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and were electroeluted with an Elutrap apparatus (Schleicher & Schuell, Dassel, Germany). The identity of the eluted proteins was checked by N-terminal sequencing (20) , and the concentrations were determined by measuring the absorbance at 280 nm. Rabbits were immunized with the eluted proteins and the 20S antigens in Freund's incomplete adjuvant to obtain antibodies against hsp, urease, and whole-cell lysates of H. pylori. Rabbit IgGs were purified with a DEAE-Sephacel column (Pharmacia, Uppsala, Sweden).
Antigen-capture ELISA for detection of antibodies in serum. Antibodies against H. pylori-specific proteins in serum were detected by an antigen-capture ELISA. In brief, 96-well plates (Costar, Cambridge, Mass.) were coated with rabbit IgG to the hsp (5 g) or urease (5 g) of H. pylori in 100 l of 0.1 M carbonate-bicarbonate buffer (pH 9.6) overnight at 4°C. The wells were washed twice in PBS containing 0.05% Tween 20 (pH 7.4) and were blocked with PBS containing 10% skim milk (skim milk-PBS). After the wells were washed they were incubated with 5 g of soluble antigen (100S supernatant) per 100 l for 1 h at room temperature. Wells for the assay of hsp and urease were incubated with 100 l of the patient's serum diluted 1:200 in skim milk-PBS. After the wells were washed they were incubated with peroxidase-conjugated rabbit anti-human IgG (specific to gamma chains; lot 115; DAKO Inc., Glostrup, Denmark) and then with o-phenylenediamine (Wako Pure Chemicals, Tokyo, Japan). Absorbances at 490 nm were measured with a NOVAPATH microplate reading spectrophotometer (Bio-Rad, Hercules, Calif.).
The patients' levels of antibodies against H. pylori whole cells were also obtained by capture ELISA with an anti-H. pylori whole-cell antibody. The wells were coated with 1 g of anti-whole-cell IgG to catch various antigens of the bacterium and were blocked with skim milk-PBS. The wells were incubated with 100 l of the patient's serum diluted 1:1,000 in skim milk-PBS. Continuous reactions were done in the same way as described above.
Histopathology. Formalin-fixed and paraffin-embedded biopsy specimens were stained with hematoxylin-eosin and were examined to grade the severity of gastritis. All slides with biopsy specimens were examined by a single pathologist. Gastritis was classified according to the Sydney System (2, 16), and its activity was graded on a scale of 0 to 3 as follows, depending on the intensity of neutrophilic infiltration: 0, normal; 1, mild gastritis; 2, moderate gastritis; and 3, highly active gastritis.
Statistical analysis. Data are expressed means Ϯ standard errors of the means. The titers of IgG antibody to Hsp, whole-cell lysate, and urease of H. pylori were analyzed statistically by one-way analysis of variance followed by Scheffe's S procedure. Pathological parameters were assessed by the Friedman test and the Dunn procedure and by regression analysis. P values of Ͻ0.05 were considered statistically significant.
RESULTS

Characterization of antibodies.
Rabbit IgG antibodies against hsp, urease, and whole-cell lysates were characterized by Western blotting (Fig. 1) . Rabbit sera with anti-hsp and antiurease antibodies reacted only with the hsp and urease of the H. pylori 20S antigen, respectively. Sera with anti-wholecell antibodies recognized many H. pylori proteins. These sera showed no cross-reactivity with Escherichia coli, Campylobacter jejuni, Campylobacter fetus, or Campylobacter coli antigens.
Reactivities of patients' sera by capture ELISA. Capture ELISAs were assessed by determining the reactivities of serially diluted sera obtained from three H. pylori-infected patients or three H. pylori-negative individuals (Fig. 2) . According to the dilution curve thus obtained, we determined that a 1:200 serum dilution should be used for measurement of titers of antibodies against hsp and urease and that a serum dilution of 1:1,000 should be used for measurement of titers of antibodies against whole-cell lysates. The specificities and sensitivities of three capture ELISAs were calculated for the sera obtained from the patients pretreatment and the sera obtained from the patients 6 months after eradication therapy. Cutoff optical densities (ODs) were determined as the means plus standard deviations for the sera obtained 6 months after therapy. Cutoff ODs of 0.12, 0.20, and 0.67 were chosen for hsp, urease, and whole cells, respectively. The capture ELISAs showed high sensitivities but low specificities (Table 1) .
Histopathology. For 14 (70%) of 20 GU patients, the degree of severity of gastritis was judged to be high. Only 4 (20%) and 2 (10%) patients had gastritis of grades 2 and 1, respectively. Histopathological findings for 15 (94%) of 16 of the patients with DUs were assessed as grade 3 (highly active gastritis) before treatment. Histological grades (mean Ϯ standard errors) before eradication therapy were 2.60 Ϯ 0.15 (patients with GU) and 2.94 Ϯ 0.06 (patients with DU). After 1 month of eradication therapy, no patient had gastritis of grade 3. Histological grades were significantly decreased in both patients with GUs (1.15 Ϯ 0.08) and patients with DUs (1.29 Ϯ 0.11). The grades after 6 months of treatment were 1.15 Ϯ 0.08 (patients with GUs) and 1.23 Ϯ 0.11 (patients with DUs) (Fig.  3) . A regression analysis was conducted for histological grades and antibody titers. The titers of antibodies to hsp significantly (P ϭ 0.001; R ϭ 0.30) correlated with histological grades; however, correlations between titers of antibodies to urease (P ϭ 0.07; R ϭ 0.15), titers of antibodies to whole cells (P ϭ 0.08; R ϭ 0.23), and histological grades were not statistically significant. Antibody levels. The antibody levels (means Ϯ standard errors of the means) for patients with GUs and DUs during treatment are shown in Fig. 4 . Antibody levels were expressed as absorbances at 490 nm. Anti-hsp antibody levels were significantly decreased in both GU (P ϭ 0.047) and DU (P ϭ 0.05) patients 1 month after treatment and remained decreased in GU (P ϭ 0.031) and DU (P ϭ 0.005) patients 6 months after treatment. In contrast, anti-whole-cell and antiurease antibody levels in GU and DU patients were not significantly decreased 1 month after treatment. Levels of antibodies to H. pylori whole cells and urease for both GU patients were significantly decreased at 6 months and were lower than the levels of antibodies to whole cells at 6 months for DU patients, but the differences were not significant.
DISCUSSION
This study has shown that anti-hsp antibody titers were significantly decreased at an early stage of eradication therapy in patients with either GUs or DUs. On the other hand, it took 6 months before anti-whole-cell and antiurease antibody titers decreased. Perez-Perez et al. (14) reported that the levels of IgG antibody to hsp of H. pylori in serum were significantly higher in infected patients and that the titer was correlated with the degree of gastric mucosal inflammation. Local IgA levels were correlated with inflammatory cell infiltration of the gastric mucosa (8). We previously reported that H. pylori hsp60 was a dominant protein and was mainly induced by heat shock treatment (20) . Furthermore, some reports indicate that hsp60 is located on the surface of the bacteria (3, 4, 5, 7, 9, 19) . These data indicate that hsp60 develops a tendency to be recognized by the host and may be closely related to H. pylori-induced inflammation.
The decrease in inflammation in the gastric mucosa of successfully treated patients showed a correlation with a decrease in the level of anti-hsp antibodies. Clearly, eradication of H. pylori results in the cure of gastritis and peptic ulcers. However, the relationship between inflammation and mucosal injury is not clear. hsps were detected in H. pylori-infected human gastric epithelial cells (6) . Engstrand and colleagues (7) suggested that gastric ␥/␦ T cells were involved in autoimmunity elicited by bacterial infection and cross-reacted to autologous hsps from stressed epithelial cells and that they may play a role in H. pylori-associated gastric epithelial injuries. We recently reported that hsp60 might be involved with T-cell proliferation in gastric lymphoid follicles of patients with mucosa-associated lymphoid tissue (MALT) lymphoma and that antibody to hsp was detected in patients with MALT lymphoma (10, 11). Transplantation of lymphocytes from H. pylori-infected MALT lymphoma patients into severe combined immunodeficient mice induced ulceration in the stomachs of the mice (21) . In several infections and autoimmune diseases, hsp represents the dominant antigen in the humoral and cellular immune responses (22) . Therefore, characterization of the immune responses to hsp may contribute to the elucidation of the mechanism of H. pylori-related gastric mucosal injury.
In conclusion, our data suggest that measurement of antihsp antibody levels is useful for the early monitoring of the effectiveness of H. pylori eradication therapy. Moreover, we postulate that hsp may be involved in the immune reactions responsible for H. pylori-infected gastric mucosal injury.
